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õäë: 548:537.611, 537.621, 539.124PACS: 75.10.Hkæåòïíáçî¶�î¶ ÷ìáó�é÷ïó�¶ óð¶îï÷ï· ó¶�ëéäìñ õúáçáìøîåîï· íïäåì¶ ¶úéîçá S = 1÷.ó. ñÎ�ÛÅ×ÓØËÉÊáÎÏÔÁ��Ñ. ðÒÏÄÏ×ÖÅÎÏ ×É×ÞÅÎÎÑ ÆÅÒÏÍÁÇÎ�ÔÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ Ó��-ÎÏ×Ï§ Ó�ÔËÉ ÄÌÑ ÕÚÁÇÁÌØÎÅÎÏ§ ÍÏÄÅÌ� ¶ÚÉÎÇÁ (õí¶). ÷ ÎÁÂÌÉÖÅÎÎ�ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ ÄÌÑ ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ Ó��ÎÏ×Ï§ Ó�ÔËÉ ×ÉÚÎÁÞÅÎÁÏÂÌÁÓÔØ ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ × �ÌÏÝÉÎ� �ÁÒÁÍÅÔÒ�× ÇÁ-Í�ÌØÔÏÎ�ÁÎÕ.ðÒÏ×ÅÄÅÎÏ Ó��×ÓÔÁ×ÌÅÎÎÑ Ú ×�ÄÏÍÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ õí¶ÄÌÑ ÇÒÁÔËÉ, ÄÅ ×ÉÑ×ÌÅÎÏ, ÚÏËÒÅÍÁ, ×�ÄÓÕÔÎ�ÓÔØ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÕÁÎÔÉË×ÁÄÒÕ�ÏÌØÎÕ ÆÁÚÕ.FERROMAGNETIC PROPERTIES OF A SPIN NET FOR AGENERALIZED MODEL ISING S = 1V.S. YanishevskyAbstra
t. The study of ferromagneti
 properties of a spin net for ageneralized model Ising (GMI) is prolonged. In approa
h of an mean�eld for a nodal subsystem of a spin net the region of a ferromagneti
ground state in a plane of parameters of a Hamiltonian is determined.The 
omparison from known by results GMI for a latti
e is 
arried out,where the la
k phase transition in an antiquadrupole phase is dete
ted,in parti
ular.
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1 ðÒÅ�ÒÉÎÔíÏÄÅÌ� Ó��ÎÏ×ÉÈ Ó�ÔÏË �Ú Ó��ÎÏ×ÉÍ ÓÔÁÎÏÍ S = 1 ×É×ÞÁÌÉÓØ × ÒÏÂÏ-ÔÁÈ [1,2,3℄, �ÎÔÅÒÅÓ ÄÏ ÑËÉÈ ÂÕ× ×ÉËÌÉËÁÎÉÊ Ï�ÉÓÏÍ ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ×�ÏÒÑÄËÕ×ÁÎÎÑ ÅÌÅËÔÒÏÎÎÉÈ Ó��Î�× ÎÁ ÄÉÓÌÏËÁ��ÊÎÉÈ ÓÔÒÕËÔÕÒÁÈ [4℄.îÁÚ×ÁÎ� ÍÏÄÅÌ� ÓÌ�Ä ÒÏÚÇÌÑÄÁÔÉ ÑË ÒÏÚ×ÉÔÏË ÍÏÄÅÌ� ÄÉÓÌÏËÁ��ÊÎÏÇÏÆÅÒÏÍÁÇÎÅÔÉÚÍÕ [4℄ ÎÁ ×É�ÁÄÏË Ó��ÎÕ S = 1. ÷ ÔÏÊ ÖÅ ÞÁÓ, ÍÏÄÅÌ�Ó��ÎÏ×ÉÈ Ó�ÔÏË ÍÏÖÕÔØ ÂÕÔÉ ÚÁÓÔÏÓÏ×Î� ÄÌÑ Ï�ÉÓÕ ÄÅËÏÒÏ×ÁÎÉÈ ÇÒÁ-ÔÏË [5,6,7,8℄. ÷ ÒÏÂÏÔÁÈ [1,3℄ ÒÏÚÇÌÑÄÁÌÉÓØ ÆÅÒÏÍÁÇÎ�ÔÎ� ×ÌÁÓÔÉ×ÏÓÔ�Ó��ÎÏ×Ï§ Ó�ÔËÉ ÄÌÑ Ú×ÉÞÁÊÎÏ§ ÍÏÄÅÌ� ¶ÚÉÎÇÁ S = 1. ð�ÄÓÕÍÏ×ÕÀÞÉ,ÍÏÖÎÁ ÓËÁÚÁÔÉ, ÝÏ �ÏÒ�×ÎÑÎÏ Ú ×É�ÁÄËÏÍ S = 1=2 ÆÅÒÏÍÁÇÎ�ÔÎÅ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑ ÎÁÑ×Î�ÓÔÀ �ÁÒÁÍÅÔÒÁ ÓÅÒÅÄÎØÏÇÏ �ÏÌÑq (q = h�2i). ÷ ÒÏÂÏÔ� [3℄ ÂÕÌÉ Ú'ÑÓÏ×ÁÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈÆÕÎË��Ê × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ � ×É×ÞÅÎÏ ×�ÌÉ× Ó��Î�× ÌÁÎÏËÎÁ �ÁÒÁÍÅÔÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ÷ ÒÏÂÏÔ� [2℄ ×É×ÞÁÌÉÓØ ÅÆÅËÔÉ×-Î� ×ÚÁ¤ÍÏÄ�§ × Ó��ÎÏ×�Ê Ó�Ô�� ÄÌÑ ÕÚÁÇÁÌØÎÅÎÏ§ ÍÏÄÅÌ� ¶ÚÉÎÇÁ (õí¶)S = 1 × ÚÁÌÅÖÎÏÓÔ� ×�Ä �ÁÒÁÍÅÔÒ�× Í�ËÒÏÓËÏ��ÞÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ,� ÒÏÚÇÌÑÄÁÌÉÓØ ÄÅÑË� ÞÁÓÔËÏ×� ×É�ÁÄËÉ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× × ÍÏÄÅÌ�.äÁÎÁ ÒÏÂÏÔÁ ¤ �ÒÏÄÏ×ÖÅÎÎÑÍ [2℄ � × Î�Ê ÄÏÓÌ�ÄÖÕ¤ÔØÓÑ ÏÓÎÏ×ÎÉÊ ÓÔÁÎÓ��ÎÏ×Ï§ Ó�ÔËÉ � �ÒÏ×ÏÄÉÔØÓÑ �ÏÒ�×ÎÑÎÎÑ �Ú ÇÒÁÔËÏÀ. òÏÚÇÌÑÄÁ¤ÔØÓÑÔÁËÏÖ ÚÁÌÅÖÎ�ÓÔØ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� Ó��ÎÏ×Ï§ Ó�ÔËÉ ×�Ä ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇ-Î�ÔÎÏÇÏ �ÏÌÑ.1. ïÓÎÏ×Î� Ó��××�ÄÎÏÛÅÎÎÑ÷�Ä�Ï×�ÄÎÏ ÄÏ [2℄ ÂÕÄÅÍÏ ×ÅÓÔÉ Ï�ÉÓ Ó��ÎÏ×Ï§ Ó�ÔËÉ ÎÁ ÏÓÎÏ×� ÇÁÍ�ÌØ-ÔÏÎ�ÁÎÕ H1 = �" X<ij>�i�j � k X<ij> �2i �2j � ÆXi �2i � hXi �i: (1)ó��ÎÏ×Á Ó�ÔËÁ, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ, Ñ×ÌÑ¤ ÓÏÂÏÀ �Å×ÎÕ ÇÒÁÔËÕ, ×ÕÚÌÉÑËÏ§ Ú'¤ÄÎÁÎ� Ó��ÎÏ×ÉÍÉ ÌÁÎËÁÍÉ (Ë�ÌØË�ÓÔØ Ó��Î�× × ÌÁÎ�� S = 1).óÕÍÕ×ÁÎÎÑÍ ÚÁ Ó��ÎÁÍÉ ÌÁÎÏË ÚÄ�ÊÓÎÀ¤ÔØÓÑ �ÅÒÅÈ�Ä ÄÏ ÔÒÁÎÓÆÏÒ-ÍÏ×ÁÎÏ§ ÇÒÁÔËÉ Ú ÅÆÅËÔÉ×ÎÉÍ ÇÁÍ�ÌØÔÏÎ�ÁÎÏÍ [1-3℄:H =Xi (zB � h)�i+Xi zD�2i + X<i j> I�i�j+ X<i j>K�2i �2j+ X<i j>L�i�2j ;(2)ÄÅ ÅÆÅËÔÉ×Î� ×ÚÁ¤ÍÏÄ�§ ×ÉÚÎÁÞÁÀÔØÓÑ ÆÏÒÍÕÌÁÍÉ:B = 12� ln�Z1 (�1; 0)Z1 (1; 0) � ; D = � 12� ln�Z1 (�1; 0) � Z1 (1; 0)Z21 (0; 0) � ;I = � 14� ln�Z1 (1; 1) � Z1 (�1;�1)Z21 (�1; 1) � ; (3)
ICMP{00{11U 2K = I � 2D � 1� ln�Z1 (�1; 1)Z1 (0; 0) � ;L = �2B + 12� ln�Z1 (�1;�1)Z1 (1; 1) � :ÄÅ Z1 (s; s0) ÓÔÁÔÓÕÍÁ ÏÄÎÏ×ÉÍ�ÒÎÏÇÏ Ó��ÎÏ×ÏÇÏ ÌÁÎ�ÀÖËÁ Ú n+2 Ó��-ÎÁÍÉ, ÄÅ ËÒÁÊÎ� Ó��ÎÉ �ÅÒÅÂÕ×ÁÀÔØ ×�Ä�Ï×�ÄÎÏ × ÓÔÁÎÁÈ s � s0. ÷ ÎÕ-ÌØÏ×ÏÍÕ ÚÏ×Î�ÛÎØÏÍÕ �ÏÌ� × B; L = 0.úÁÕ×ÁÖÉÍÏ, ÝÏ ÄÌÑ Ú×ÉÞÁÊÎÏ§ ÍÏÄÅÌ� ¶ÚÉÎÇÁ × ÅÆÅËÔÉ×ÎÏÍÕ ÇÁÍ�-ÌØÔÏÎ�ÁÎ� (1.2) ÓÕÔÔ¤×Õ ÒÏÌØ ×�Ä�ÇÒÁ¤ ÁÎ�ÚÏÔÒÏ��Ñ, ÚÎÁË ÑËÏ§ Ó�ÒÉÑ¤ÆÅÒÏÍÁÇÎ�ÔÎÏÍÕ ×�ÏÒÑÄËÕ×ÁÎÎÀ [1, 3℄. ÷ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÏÂ-ÌÁÓÔ� D � �" � ÄÏÓÉÔØ ÓÌÁÂÏ ÚÁÌÅÖÉÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ. æÁÚÏ×ÉÊ�ÅÒÅÈ�Ä Õ ×ÕÚÌÏ×�Ê ��ÄÓÉÓÔÅÍ� ×�ÄÂÕ×Á¤ÔØÓÑ, ÔÁËÉÍ ÞÉÎÏÍ, ÚÁ ÎÁÑ×-ÎÏÓÔ� ÚÎÁÞÎÏ§ ÁÎ�ÚÏÔÒÏ��§. ÷ ÒÅÚÕÌØÔÁÔ� ÆÌÕËÔÕÁ��§ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄ-ËÕ ¤ ÍÅÎÛ ×ÉÒÁÖÅÎ�, �ÒÏ ÝÏ Ó×�ÄÞÉÔØ, ÚÏËÒÅÍÁ, ÚÁÄÏ×�ÌØÎÉÊ Ï�ÉÓÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ÍÏÄÉÆ�ËÏ×ÁÎÏÍÕ ÇÁÕÓÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ� [9℄.äÌÑ Ú'ÑÓÕ×ÁÎÎÑ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ Ó��ÎÏ×Ï§ Ó�ÔËÉ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÎÉ-ÚØËÏÔÅÍ�ÅÒÁÔÕÒÎ� ÁÓÉÍ�ÔÏÔÉËÉ ÄÌÑ ÅÆÅËÔÉ×ÎÉÈ ×ÚÁ¤ÍÏÄ�Ê, ÑË� ÂÕ-ÌÉ ×ÉÚÎÁÞÅÎ� × [2℄. ðÒÉ �ÒÏ×ÅÄÅÎÎ� �ÏÒ�×ÎÑÎÎÑ �Ú ÇÒÁÔËÏÀ Ú×ÅÒÎÅÍÏÕ×ÁÇÕ ÎÁ ÈÁÒÁËÔÅÒÎ� ×�ÄÍ�ÎÎÏÓÔ� Í�Ö ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÍÏÄÅÌ� (1.1) ÎÁÓ��ÎÏ×�Ê Ó�Ô�� � ×�Ä�Ï×�ÄÎ�Ê ÇÒÁÔ��. âÅÚÕÍÏ×ÎÏ, ÍÏ×Á ÎÅ ÊÔÉÍÅ �ÒÏ×ÉÞÅÒ�ÎÉÊ ÁÎÁÌ�Ú ÍÏÄÅÌ�, ÍÉ ÏÂÍÅÖÉÍÏÓØ ÎÁÂÌÉÖÅÎÎÑÍ ÓÅÒÅÄÎØÏÇÏ�ÏÌÑ ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ Ó�ÔËÉ [1, 3℄.÷�ÄÚÎÁÞÉÍÏ, ÝÏ ×É×ÞÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÉÈ � ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓ-ÔÉ×ÏÓÔÅÊ ÍÏÄÅÌ� (1.1) ÄÌÑ ÇÒÁÔËÉ ÂÕÌÏ ÔÅÍÏÀ ÂÁÇÁÔØÏÈ ÒÏÂ�Ô [10{13℄Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ, ÚÏËÒÅÍÁ, ÍÅÔÏÄ�× ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ, Ä�ÁÇÒÁÍÎÏ§ ÔÅÈ-Î�ËÉ ÔÁ ËÌÁÓÔÅÒÎÉÈ ÒÏÚËÌÁÄ�×. �ÁË, × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑÇÁÍ�ÌØÔÏÎ�ÁÎ ÔÉ�Õ (1.1) ×É×ÞÁ×ÓÑ × [10{13℄, ÚÁ�ÉÓÁÎÉÊ × Ï�ÅÒÁÔÏÒÁÈË×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ Q = 3�2 � 2. úÎÁÞÎÉÊ ÏÂÓÑÇ ÁÎÁÌ�ÔÉÞÎÉÈÔÁ ÞÉÓÌÏ×ÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ÍÏÄÅÌ� (1.1) × ÎÁÂÌÉÖÅÎÎ� Ä×ÏÞÁÓÔÉÎ-ËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÎÁ×ÅÄÅÎÉÊ × [12℄. ñË ×É�ÌÉ×Á¤ �Ú ÚÇÁÄÁÎÉÈ ÒÏÂ�Ô [12,13℄ ÆÁÚÏ×Á Ä�ÁÇÒÁÍÁ ÍÏÄÅÌ� (1.1) ¤ ÄÏÓÉÔØ ÓËÌÁÄÎÏÀ � × �Ï×Î�Ê Í�Ò�ÝÅ ÎÅ Ú'ÑÓÏ×ÁÎÏÀ. úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ × Ú×'ÑÚËÕ �Ú ÛÉÒÏËÉÍ ÚÁ-ÓÔÏÓÕ×ÁÎÎÑÍ ÍÏÄÅÌ� ÔÉ�Õ (1.1) ÄÌÑ ×É×ÞÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓ-ÔÉ×ÏÓÔÅÊ ÒÏÚÞÉÎ�× 3He ×ÏÎÁ ÎÏÓÉÔØ ÔÁËÏÖ ÎÁÚ×Õ | ÍÏÄÅÌØ âÌÀÍÁ-åÍÅÒ�-çÒ�Æ�ÔÓÁ.îÁÇÁÄÁ¤ÍÏ ËÏÒÏÔËÏ ÏÓÎÏ×Î� ×ÌÁÓÔÉ×ÏÓÔ� ÍÏÄÅÌ� (1.1) × ÎÁÂÌÉÖÅÎÎ�ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ. �ÁË, ×�ÌØÎÁ ÅÎÅÒÇ�Ñ × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑÕ ×É�ÁÄËÕ Ä×ÏÈ ��ÄÇÒÁÔÏË ÚÁÄÁ¤ÔØÓÑ ×ÉÒÁÚÏÍ (h = 0):�F = "2�1�2 + k2q1q2 � 12 ln (br0 (x1; y1) � br0 (x2; y2)) ; (4)



3 ðÒÅ�ÒÉÎÔÄÅ x1;2 = �z"�1;2, y1;2 = �zkq1;2 + �Æ, br0 (x; y) = P� exp �x� + y�2�-ÍÁ¤ ÚÍ�ÓÔ ÓÔÁÔÓÕÍÉ Ó��ÎÕ × �ÏÌÑÈ x; y. ðÁÒÁÍÅÔÒÉ ��ÄÇÒÁÔÏË �1;2 � q1;2×ÉÚÎÁÞÁÀÔØ ×�Ä�Ï×�ÄÎÏ Ó��ÎÏ×ÉÊ ÍÏÍÅÎÔ � Ë×ÁÄÒÁÔ Ó��ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ�1;2 = h�i1;2, q1;2 = h�2i1;2. ò�×ÎÑÎÎÑ ÄÌÑ �ÁÒÁÍÅÔÒ�× ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×É ÓÔÁ��ÏÎÁÒÎÏÓÔ� ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÚÁ �1;2 � q1;2 �×�Ä�Ï×�ÄÎÏ ÄÏÒ�×ÎÀÀÔØ�1;2 = br1 (x2;1; y2;1) ; q1;2 = br2 (x2;1; y2;1) : (5)ÄÅ br1 (x; y) = �lnbr0 (x; y) =�x, br2 (x; y) = �lnbr0 (x; y) =�y. ðÏÒÑ-ÄÏË �ÎÄÅËÓ�× × ÆÏÒÍÕÌÁÈ (1.5) ×ËÁÚÕ¤, ÝÏ × �ÒÁ×� ÞÁÓÔÉÎÉ Ò�×ÎÑÎØ×ÈÏÄÑÔØ �ÁÒÁÍÅÔÒÉ �ÎÛÏ§ ��ÄÇÒÁÔËÉ.òÏÚÇÌÑÎÅÍÏ ÏÂÌÁÓÔ� ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ × �ÌÏÝÉÎ��ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ� (1.1) �1; �, ÄÅ ××ÅÄÅÎ� �ÏÚÎÁÞÅÎÎÑ�1 = k="; � =Æ=" [2℄. ÷ÉÚÎÁÞÅÎÎÑ ÏÂÌÁÓÔÅÊ ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÉT = 0 Ú×ÏÄÉÔØÓÑ ÄÏ ÚÎÁÈÏÄÖÅÎÎÑ ÏÂÌÁÓÔÅÊ �ÓÎÕ×ÁÎÎÑ ÒÏÚ×'ÑÚË�×�1;2 = 1 ; q1;2 = 1 ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ (1.5). úÏËÒÅÍÁ, ÄÌÑ T ! 0 ×�ØÏÍÕ ×É�ÁÄËÕ �Ï×ÉÎÎÁ ×ÉËÏÎÕ×ÁÔÉÓØ Ò�×Î�ÓÔØ1 = a��1��=zeta��1��=zet + a ����T!0 (6)ÄÅ a = e��". ú Ò�×ÎÏÓÔ� (1.6) ×É�ÌÉ×Á¤, ÝÏ ÆÅÒÏÍÁÇÎ�ÔÎÉÊ ÓÔÁÎ �ÓÎÕ¤ÚÁ ÕÍÏ×É �1 +�=z > �1: (7)îÁ ÒÉÓ. 1 ×ËÁÚÁÎÁ ÏÂÌÁÓÔØ ÏÓÎÏ×ÎÏÇÏ ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ ÓÔÁÎÕ (¶),ÝÏ ÚÁÄÏ×ÏÌØÎÑ¤ ÕÍÏ×� (1.7). òÏÚÇÌÑÎÅÍÏ ÒÏÚ×'ÑÚËÉ ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ(1.5) × ÏÂÌÁÓÔ�, ÄÅ �1;2 = 0. ÷ �ØÏÍÕ ×É�ÁÄËÕ ÄÌÑ ÏÔÒÉÍÕ¤ÍÏ ÓÉÓÔÅÍÕÎÁÓÔÕ�ÎÉÈ Ò�×ÎÑÎØ: q1;2 = 2a��1q2;1��=zet2a��1q2;1��=zet + 1 : (8)÷ �ÒÁ×�Ê ��×�ÌÏÝÉÎ� �ÁÒÁÍÅÔÒ�× (� > 0; �1 < 0) ÍÁÔÉÍÅÍÏ ÚÏ-ËÒÅÍÁ: q1;2 = 2aj�1jq2;12aj�1jq2;1 + a�=zet : (9)ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ �ÒÉ T ! 0 ÎÁÑ×Î� ÌÉÛÅ Ä×Á ÒÏÚ×'ÑÚËÉ q1;2 = (0; 1).ãÅ ÔÁË Ú×ÁÎÁ Ë×ÁÄÒÕ�ÏÌØÎÁ ÆÁÚÁ (ÄÌÑ Ï�ÅÒÁÔÏÒ�× Ë×ÁÄÒÕ�ÏÌØÎÏÇÏÍÏÍÅÎÔÕ Q = 3�2 � 2 ×�Ä�Ï×�ÄÎÏ ÍÁÔÉÍÅÍÏ hQi1;2 = (1; �2)), ÝÏ ×�-ÄÏÍÁ ÄÌÑ ÇÁÍ�ÌØÔÏÎ�ÁÎ�× Ú S = 1 [10{13℄. ÷�Ä�Ï×�ÄÎÏ Ë×ÁÄÒÕ�ÏÌØÎÉÊ
ICMP{00{11U 4ÍÏÍÅÎÔ ×Ó�¤§ ÇÒÁÔËÉ ÄÏÒ�×ÎÀ¤ q = 1=2 ( q = (q1 + q2) =2). �ÅÍ�ÅÒÁ-ÔÕÒÁ �ÅÒÅÈÏÄÕ × �ÁÒÁÆÁÚÕ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ×É Ò�×ÎÏÓÔ� Ë×ÁÄÒÕ-�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ��ÄÇÒÁÔÏË q1 = q2 �ÒÉ T 6= 0 [10℄. ðÁÒÁÍÅÔÒÏÍ�ÏÒÑÄËÕ × ÄÁÎÏÍÕ ×É�ÁÄËÕ ¤ Ò�ÚÎÉ�Ñ Ë×ÁÄÒÕ�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ��Ä-ÇÒÁÔÏË � = (q2 � q1) =2. æÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ¤ �ÅÒÅÈÏÄÏÍ ÄÒÕÇÏÇÏ ÒÏÄÕ,ÝÏ �ÌÀÓÔÒÕ¤ ÚÏÂÒÁÖÅÎÎÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÓÉÓÔÅÍÉ ÑË ÆÕÎË��§ �ÁÒÁÍÅÔ-ÒÁ �ÏÒÑÄËÕ ÎÁ ÒÉÓ. 2. îÁ ÒÉÓ. 3 ÎÁ×ÅÄÅÎ� ÔÁËÏÖ ×�Ä�Ï×�ÄÎ� ÞÉÓÅÌØÎ�ÒÏÚ×'ÑÚËÉ ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ (1.5) ÄÌÑ q1; q2; � (�1;2 = 0).äÌÑ Ì�×Ï§ ��×�ÌÏÝÉÎÉ (� < 0) ÁÎÁÌÏÇ�ÞÎÏ ÒÏÚÇÌÑÄÁ¤ÍÏ ÓÉÓÔÅÍÕÄ×ÏÈ Ò�×ÎÑÎØ. q1;2 = 2aj�j=zet��1q2;12aj�j=zet��1q2;1 + 1 : (10)õ ×ËÁÚÁÎ�Ê ÏÂÌÁÓÔ� j�j =zet � �1 > 0, Á ÔÏÍÕ �ÓÎÕÀÔØ ÌÉÛÅ ÒÏÚ-×'ÑÚËÉ q1;2 = (0; 0). ïÔÖÅ, Ä×� ��ÄÇÒÁÔËÉ ×�ÏÒÑÄËÏ×ÁÎ� ÏÄÎÁËÏ×Ï� ÓÕÍÁÒÎÉÊ Ë×ÁÄÒÕ�ÏÌØÎÉÊ ÍÏÍÅÎÔ ÄÏÒ�×ÎÀ¤ ÎÕÌÀ (ÏÂÌÁÓÔØ ¶¶¶ ÎÁÒÉÓ.1). îÁ ÒÉÓ. 4 ÎÁ×ÅÄÅÎ� ÈÁÒÁËÔÅÒÎ� ÚÁÌÅÖÎÏÓÔ� Ë×ÁÄÒÕ�ÏÌØÎÏÇÏÍÏÍÅÎÔÕ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÄÌÑ ��¤§ ÏÂÌÁÓÔ�. úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏÎÁ ÏÓ� � = 0; �1 < �1, ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ (1.7) ×ÏÌÏÄ�¤ ÒÏÚ×'ÑÚËÁÍÉq1;2 = (0; 2=3), ÔÏÂÔÏ, ÏÄÎÁ �Ú ��ÄÇÒÁÔÏË �ÅÒÅÂÕ×Á¤ × �ÁÒÁÆÁÚ�.2. ïÓÎÏ×ÎÉÊ ÓÔÁÎ Ó��ÎÏ×Ï§ Ó�ÔËÉõ ×É�ÁÄËÕ Ó�ÔËÉ ÅÆÅËÔÉ×Î� ×ÚÁ¤ÍÏÄ�§ ¤ ÓËÌÁÄÎ� ÆÕÎË��§ �ÁÒÁÍÅÔÒ�×ÍÏÄÅÌ� � ÔÅÍ�ÅÒÁÔÕÒÉ. úÏËÒÅÍÁ, ÄÌÑ Ú×ÉÞÁÊÎÏ§ ÍÏÄÅÌ� ¶ÚÉÎÇÁ [1℄ ÄÌÑT ! 0 Ó��ÎÏ×Á Ó�ÔËÁ (× ÎÕÌØÏ×ÏÍÕ �ÏÌ�) Ï�ÉÓÕ¤ÔØÓÑ ÎÁÂÌÉÖÅÎÏ ÇÁ-Í�ÌØÔÏÎ�ÁÎÏÍ (1.2) Ú �ÁÒÁÍÅÔÒÁÍÉ I � �", D � �", K � ". �ÏÂÔÏ, §§ÍÏÖÎÁ ÔÒÁËÔÕ×ÁÔÉ ÑË ÇÒÁÔËÕ Ú ×�ÄÎÏÓÎÉÍÉ ÁÎ�ÚÏÔÒÏ��¤À �0 = 1 + z� Â�Ë×ÁÄÒÁÔÎÏÀ ×ÚÁ¤ÍÏÄ�¤À �01 = �1 (ÑË� ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ ÎÁ ÏÓ-ÎÏ×� ÓÔÒÕËÔÕÒÉ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (1.2), ÎÁÓÔÕ�ÎÉÍÉ Ó��××�ÄÎÏÛÅÎÎÑÍÉ�0 = � (Æ � zD) =I , �01 = K=I). ïÞÅ×ÉÄÎÏ, ÝÏ ÕÍÏ×Á ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏÓÔÁÎÕ (1.7) ×ÉËÏÎÕ¤ÔØÓÑ � ÔÁËÉÍ ÞÉÎÏÍ, ÏÓÎÏ×ÎÉÊ ÓÔÁÎ ÆÅÒÏÍÁÇÎ�Ô-ÎÉÊ.äÌÑ ÕÚÁÇÁÌØÎÅÎÏ§ ÍÏÄÅÌ� (1.1) ÅÆÅËÔÉ×Î� ×ÚÁ¤ÍÏÄ�§ ÄÌÑ T ! 0 ×É-×ÞÁÌÉÓØ × [2℄ � Ú'ÑÓÏ×Õ×ÁÌÁÓØ ÈÁÒÁËÔÅÒÎÁ �Ï×ÅÄ�ÎËÁ × �ÌÏÝÉÎ� �ÁÒÁ-ÍÅÔÒ�× (�; �1).íÉ ÎÁ×ÅÄÅÍÏ Â�ÌØÛ ÄÅÔÁÌØÎÏ ÚÁÌÅÖÎ�ÓÔØ ÅÆÅËÔÉ×ÎÏ§ÏÂÍ�ÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ × �ÌÏÝÉÎ� (�; �1) ÄÌÑ Ó�ÔÏË Ú Ò�ÚÎÏÀ ÄÏ×ÖÉÎÏÀÌÁÎÏË. åÆÅËÔÉ×ÎÁ ÏÂÍ�ÎÎÁ ×ÚÁ¤ÍÏÄ�Ñ (ÄÌÑ n = 1) ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ× ÏÂÌÁÓÔ�, ÝÏ ÚÁÄÏ×�ÌØÎÑ¤ ÕÍÏ×Õ �1 + �=2 > �1 ÒÉÓ. 5. ÷ ÏÂÌÁÓÔ�¶ | I � �", ¶¶-�ÅÒÅÈ�ÄÎÁ ÏÂÌÁÓÔØ × ÑË�Ê I � �"(1 + �1 + �=2), ×ÏÂÌÁÓÔ� ¶¶¶ | I � 0. ÷ËÁÖÅÍÏ ÎÁ �Å×ÎÕ ËÏÒÅÌÑ��À Í�Ö ÕÍÏ×ÏÀ ×�Ä-Í�ÎÎÏÓÔ� ×�Ä ÎÕÌÑ ÏÂÍ�ÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ (T ! 0) Ú ÕÍÏ×ÏÀ �ÓÎÕ×ÁÎÎÑ



5 ðÒÅ�ÒÉÎÔÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ ÓÔÁÎÕ (1.7). ñË ×ÉÄÎÏ ×ÏÎÉ Ó��×�ÁÄÁÀÔØ, ÑËÝÏ ×ÚÑÔÉÄÏ Õ×ÁÇÉ, ÝÏ ÄÌÑ ÏÄÎÏ×ÉÍ�ÒÎÏÇÏ ×É�ÁÄËÕ z = 2. äÌÑ Ó��ÎÏ×ÉÈ Ó�ÔÏËÚ n � 2 ÓÉÔÕÁ��Ñ ÄÅÝÏ ÚÍ�ÎÀ¤ÔØÓÑ × Ì�×�Ê ��×�ÌÏÝÉÎ� (� < 0). �ÁË,ÄÌÑ ÚÁÄÁÎÏÇÏ n � 2 I � 0 ÎÁ �ÒÑÍ�Ê �1 +�= (1 + 1=n) = �1. �ÁËÉÍÞÉÎÏÍ, × Ì�×�Ê ��×�ÌÏÝÉÎ� ÏÂÍ�ÎÎÁ ×ÚÁ¤ÍÏÄ�Ñ ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ × ÏÂ-ÌÁÓÔ�, ÝÏ ÕÔ×ÏÒÀ¤ÔØÓÑ �ÅÒÅÔÉÎÏÍ �ÒÑÍÉÈ �1 +�= (1 + 1=n) = �1 ��1 +�=2 = 0 (ÒÉÓ. 5).÷ÉÈÏÄÑÞÉ Ú ÎÁ×ÅÄÅÎÏÇÏ �ÒÏÁÎÁÌ�ÚÕ¤ÍÏ ÏÂÌÁÓÔ� ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏÓÔÁÎÕ ÄÌÑ � > 0. ÷ ÏÂÌÁÓÔ� ¶ ÍÏÖÎÁ ××ÅÓÔÉ ÄÌÑ Ï�ÉÓÕ Ó�ÔËÉ �Á-ÒÁÍÅÔÒÉ �0 = (1 +�1) z + �, �01 = �1 (ÄÉ×. ÔÁËÏÖ [2℄). õÍÏ×Á ÆÅ-ÒÏÍÁÇÎ�ÔÎÏÇÏ �ÏÒÑÄËÕ ÎÁÂÉÒÁ¤ ×ÉÇÌÑÄÕ �01+�0=z � �1+�=z > �1.áÎÁÌÏÇ�ÞÎÏ ÄÌÑ �ÅÒÅÈ�ÄÎÏ§ ÏÂÌÁÓÔ� (¶¶) ÓÉÓÔÅÍÁ ÅË×�×ÁÌÅÎÔÎÁ ÇÒÁÔ-�� Ú ÅÆÅËÔÉ×ÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ �0 = � (1+�1)z+�(1+�=2+�1) , �01 = �1. îÅ-×ÁÖËÏ �ÏËÁÚÁÔÉ, ÝÏ × ÄÁÎÏÍÕ ×É�ÁÄËÕ ÕÍÏ×Á ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ ÓÔÁÎÕ�01+�0=z > �1 ÔÁËÏÖ Ú×ÏÄÉÔØÓÑ ÄÏ ÎÅÒ�×ÎÏÓÔ� �1+�=z > �1. �ÏÂ-ÔÏ, × �ÒÁ×�Ê ��×�ÌÏÝÉÎ� �ÁÒÁÍÅÔÒ�× ÆÅÒÏÍÁÇÎ�ÔÎ� ÏÂÌÁÓÔ� ÄÌÑ ÇÒÁÔËÉ� Ó��ÎÏ×Ï§ Ó�ÔËÉ Ó��×�ÁÄÁÀÔØ. ÷�Ä�Ï×�ÄÎÉÍ ÞÉÎÏÍ, ÍÏÖÎÁ �ÏËÁÚÁÔÉ,ÝÏ × Ì�×�Ê ��×�ÌÏÝÉÎ� (� < 0) ÆÅÒÏÍÁÇÎ�ÔÎÉÊ ÓÔÁÎ ÏÂÍÅÖÕ¤ÔØÓÑ ÏÂ-ÌÁÓÔÀ, ÄÅ I 6= 0. ð�ÄÓÕÍÏ×ÕÀÞÉ, ÍÏÖÎÁ ÓËÁÚÁÔÉ, ÝÏ ÄÌÑ (� < 0) ÆÅ-ÒÏÍÁÇÎ�ÔÎÁ ÏÂÌÁÓÔØ ÓÕÔÔ¤×Ï ×ÉÚÎÁÞÁ¤ÔØÓÑ �Ï×ÅÄ�ÎËÏÀ ÏÄÎÏ×ÉÍ�ÒÎÉÈÓ��ÎÏ×ÉÈ ÌÁÎ�ÀÖË�×, ÏÓË�ÌØËÉ ×�Ä'¤ÍÎÁ ÁÎ�ÚÏÔÒÏ��Ñ ÒÕÊÎÕ¤ ÅÆÅËÔÉ×-ÎÕ ÏÂÍ�ÎÎÕ ×ÚÁ¤ÍÏÄ�À Í�Ö ËÒÁÊÎ�ÍÉ Ó��ÎÁÍÉ ÌÁÎ�ÀÖËÁ.òÏÚÇÌÑÎÅÍÏ �Ï×ÅÄ�ÎËÕ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ Õ ×�Ä-ÓÕÔÎÏÓÔ� ÆÅÒÏÍÁÇÎ�ÔÎÏÇÏ �ÏÒÑÄËÕ. ñË ×ÖÅ ×ËÁÚÕ×ÁÌÏÓØ, ÅÆÅËÔÉ×Î�×ÚÁ¤ÍÏÄ�§ K � D ÎÁ×ÅÄÅÎ� × [2℄. úÏËÒÅÍÁ, × ÏÂÌÁÓÔ� ÎÉÖÞÅ �ÒÑÍÏ§�1+�=2 = �1 ÅÆÅËÔÉ×ÎÁ Ë×ÁÄÒÕ�ÏÌØÎÁ ×ÚÁ¤ÍÏÄ�Ñ K ÚÍ�ÎÀ¤ ÚÎÁË ÚÄÏÄÁÔÎÏÇÏ ÎÁ ×�Ä'¤ÍÎÉÊ [2℄. äÌÑ ÏÂÌÁÓÔ�, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÓÅËÔÏÒÏÍ(�1 + �=z < �1, �1 + �=2 > �1) (ÒÉÓ.5) ÍÏÖÎÁ ××ÅÓÔÉ ÅÆÅËÔÉ×Î��ÁÒÁÍÅÔÒÉ ÄÌÑ Ó�ÔËÉ �0 = �z 1+�=z+�11+�=2+�1 , �0 = 1. ú×�ÄÓÉ ×É�ÌÉ×Á¤,ÚÏËÒÅÍÁ, ÝÏ ÅÆÅËÔÉ×ÎÁ ÁÎ�ÚÏÔÒÏ��Ñ �0 < 0. ÷ ÒÅÚÕÌØÔÁÔ� ÎÅÏÂÈ�ÄÎÏ�ÒÏÁÎÁÌ�ÚÕ×ÁÔÉ ÎÁÓÔÕ�Î� Ò�×ÎÑÎÎÑ ÄÌÑ �ÁÒÁÍÅÔÒ�× Ë×ÁÄÒÕ�ÏÌØÎÏÇÏÍÏÍÅÎÔÕ q1;2 = 2aq2;1+j�0j=z2aq2;1+j�0j=z + 1 : (11)ïÞÅ×ÉÄÎÏ, ÝÏ ÓÉÓÔÅÍÁ (2.1) T ! 0 ÄÌÑ ×ÏÌÏÄ�¤ ÒÏÚ×'ÑÚËÁÍÉ q1;2 =(0; 0). �ÏÂÔÏ, Ä×� ��ÄÇÒÁÔËÉ ×�ÏÒÑÄËÏ×ÁÎ� ÏÄÎÁËÏ×Ï � ÓÕÍÁÒÎÉÊ ÍÏ-ÍÅÎÔ Ò�×ÎÉÊ ÎÕÌÀ. ñË ÂÁÞÉÍÏ, ÍÁ¤ÍÏ ÓÕÔÔ¤×Õ ×�ÄÍ�ÎÎ�ÓÔØ Í�Ö �Ï×Å-Ä�ÎËÏÀ ÍÏÄÅÌ� (1.1) ÎÁ ÇÒÁÔ�� � ×�Ä�Ï×�ÄÎ�Ê Ó��ÎÏ×�Ê Ó�Ô��. ïÞÅ×ÉÄÎÏ,�Å �Ï×'ÑÚÁÎÏ Ú ÔÉÍ, ÝÏ Ó��ÎÏ×Á Ó�ÔËÁ Ï�ÉÓÕ¤ÔØÓÑ ÅÆÅËÔÉ×ÎÏÀ ÁÎ�ÚÏ-ÔÒÏ��¤À, ÑËÁ ÍÁ¤ �ÒÏÔÉÌÅÖÎÉÊ ÚÎÁË ÄÏ � (�0 < 0, � > 0). ñË ×ÖÅ
ICMP{00{11U 6×ËÁÚÕ×ÁÌÏÓØ, × ÏÂÌÁÓÔ�, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÎÅÒ�×Î�ÓÔÀ �1 +�=2 < �1ÅÆÅËÔÉ×ÎÁ ÏÂÍ�ÎÎÁ ×ÚÁ¤ÍÏÄ�Ñ ÚÎÉËÁ¤ (I ! 0 ÄÌÑ T ! 0). �ÏÍÕ ÄÌÑÏÂÌÁÓÔ�, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÓÅËÔÏÒÏÍ (�1 +�=2 < �1, �1 +� > �1)ÍÏÖÎÁ ××ÅÓÔÉ ÄÌÑ Ó��ÎÏ×Ï§ Ó�ÔËÉ ×�ÄÎÏÓÎ� ÅÆÅËÔÉ×Î� ×ÅÌÉÞÉÎÉ �0 =z (1 + �=z +�1), �0 = z (1 + �=z +�1), �01 = �2 (1 +�=2 +�1).÷ÉÄÎÏ, ÝÏ ÄÌÑ ÄÁÎÏ§ ÏÂÌÁÓÔ� �01 > 0; �0 < 0, � ÎÅ×ÁÖËÏ �ÅÒÅËÏ-ÎÁÔÉÓØ, ÝÏ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ ÔÁËÏÖ ÍÁ¤ ÒÏÚ×'ÑÚËÉ q1;2 = (0; 0). ú�ÅÒÅÈÏÄÏÍ × ÏÂÌÁÓÔØ (�1 + � < �1) Ó�ÔËÁ Ï�ÉÓÕ¤ÔØÓÑ ×�ÄÎÏÓÎÉÍÉ×ÅÌÉÞÉÎÁÍÉ �0 = �(1� z), �0 = �(1� z), �01 = �. ÷�Ä�Ï×�ÄÎÏ ÏÔ-ÒÉÍÕ¤ÍÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØq1;2 = 2a(1�1=zet)�2a(1�1=zet)� + a�q2;1 (12)ðÒÉ T ! 0 ÓÉÓÔÅÍÁ (2.2) ×ÏÌÏÄ�¤ ÒÏÚ×'ÑÚËÁÍÉ q1;2 = (1 ; 1) � q1;2 =(0 ; 0), ÏÄÎÁË ÕÍÏ×� Í�Î�ÍÕÍÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÚÁÄÏ×�ÌØÎÑ¤ q1;2 = (0 ; 0).�ÏÂÔÏ, × ÒÏÚÇÌÑÄÕ×ÁÎ�Ê ÏÂÌÁÓÔ� ÏÓÎÏ×ÎÉÊ ÓÔÁÎ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ q = 0 (ÏÂÌÁÓÔØ ¶¶ ÎÁ ÒÉÓ.6).÷ Ì�×�Ê ��×�ÌÏÝÉÎ� (� < 0) × ÏÂÌÁÓÔ� ÄÅ I , D, K = 0 ([2℄), Ó��ÎÏ×ÁÓ�ÔËÁ ÅË×�×ÁÌÅÎÔÎÁ ÇÒÁÔ�� �Ú ×�ÄÎÏÓÎÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ �0 = �, �0 =�, �01 = 0. ÷�Ä�Ï×�ÄÎÏ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØq1;2 = 2aj�j=z2aj�j=z + 1 (13)�ÒÉ T ! 0 ×ÏÌÏÄ�¤ ÌÉÛÅ ÎÕÌØÏ×ÉÍÉ ÒÏÚ×'ÑÚËÁÍÉ q1;2 = (0; 0). ú×�ÄÓÉ×É�ÌÉ×Á¤, ÝÏ × ÏÓÎÏ×ÎÉÊ ÓÔÁÎ ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ × ÒÏÚÇÌÑÄÕ×ÁÎ�ÊÏÂÌÁÓÔ� ×ÉÚÎÁÞÁ¤ÔØÓÑ ÒÏÚ×'ÑÚËÁÍÉ (�; q) = 0 (ÏÂÌÁÓÔØ ¶¶¶ ÎÁ ÒÉÓ.6).ú×ÅÒÎÅÍÏ Õ×ÁÇÕ ÎÁ ×�ÄÓÕÔÎ�ÓÔØ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ÁÎÔÉË×ÁÄÒÕ-�ÏÌØÎÕ ÆÁÚÕ, ÝÏ ÍÁ¤ Í�Ó�Å ÄÌÑ Ú×ÉÞÁÊÎÏ§ ÇÒÁÔËÉ. ñË ×ÖÅ ×ËÁÚÕ-×ÁÌÏÓØ �Å ÏÂÕÍÏ×ÌÅÎÏ ÚÎÁËÏÍ ÅÆÅËÔÉ×ÎÏ§ ÁÎ�ÚÏÔÒÏ��§ �(
) < 0 ÄÌÑ×ÕÚÌÏ×Ï§ ÇÒÁÔËÉ Ó��ÎÏ×Ï§ Ó�ÔËÉ. õ ×É�ÁÄËÕ ÇÒÁÔËÉ ÔÁËÉÊ �ÅÒÅÈ�Ä ÍÁ¤Í�Ó�Å ÄÌÑ ÏÂÌÁÓÔ� �ÁÒÁÍÅÔÒ�× (� > 0; �1 < 0; �=z + �1 < �1)ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (1.1). ãÅ ÆÁËÔ ×�ÄÏÂÒÁÖÅÎÏ ÔÁËÏÖ ÞÉÓÅÌØÎÉÍÉ ÒÏÚÒÁ-ÈÕÎËÁÍÉ ÎÁ×ÅÄÅÎÉÍÉ ÎÁ ÒÉÓ.7 � 8. ðÁÒÁÍÅÔÒ q ÍÏÎÏÔÏÎÎÏ ÚÒÏÓÔÁ¤ �Ú��Ä×ÉÝÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ. ïÞÅ×ÉÄÎÏ, ÝÏ ÄÌÑ Ï�ÉÓÕ ×ÕÚÌÏ×Ï§ ��ÄÓÉÓ-ÔÅÍÉ ÄÏÓÔÁÔÎØÏ ÏÂÍÅÖÉÔÉÓØ ÍÏÄÅÌÌÀ ÏÄÎ�¤§ ��ÄÇÒÁÔËÉ q = q1 = q2.þÉÓÅÌØÎ� ÒÏÚÒÁÈÕÎËÉ ÎÁ×ÅÄÅÎ� ÄÌÑ Ó��ÎÏ×ÉÈ Ó�ÔÏË Ú ÄÏ×ÖÉÎÏÀ ÌÁ-ÎÏË n = 1; 10 ÄÌÑ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (1.1) (� = 0:5,�1 = �1:35 ) � (� = 0:5, �1 = �1:9) ×�Ä�Ï×�ÄÎÏ. ðÅÒÛÉÊ ÎÁÂ�Ò �Á-ÒÁÍÅÔÒ�× ÎÁÌÅÖÉÔØ ÓÅËÔÏÒÕ (�1 +�=2 < �1, �1 +� > �1), Á ÄÒÕÇÁ×�Ä�Ï×�ÄÎÏ ÏÂÌÁÓÔ� (�1 + � < �1). îÁ×ÅÄÅÎ� ×ÉÝÅ ÒÏÚ×'ÑÚËÉ ×ÉÚÎÁ-ÞÁÀÔØ Ë×ÁÄÒÕ�ÏÌØÎ� ÍÏÍÅÎÔÉ ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ. äÌÑ ×ÉÚÎÁÞÅÎÎÑ



7 ðÒÅ�ÒÉÎÔË×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ×Ó�¤§ Ó�ÔËÉ ÍÏÖÎÁ ÑË � Õ ×É�ÁÄËÕ ÄÌÑ ÎÁ-ÍÁÇÎ�ÞÅÎÏÓÔ� [1℄ ÓËÏÒÉÓÔÁ¤ÍÏÓØ ÆÏÒÍÕÌÏÀQ = *Xi �2i+ = 1� � lnZ�Æ; (14)ÄÅ ÓÕÍÕ×ÁÎÎÑ × (2.4) ×ÅÄÅÔØÓÑ ÚÁ ×Ó�ÍÁ Ó��ÎÁÍÉ Ó�ÔËÉ.÷ ÆÏÒÍÕÌÕ (2.4) ×ÈÏÄÉÔØ ÓÔÁÔÓÕÍÁ Z ×Ó�¤§ ÓÉÓÔÅÍÉ. ð�ÓÌÑ �ÒÏ×Å-ÄÅÎÎÑ ��ÄÓÕÍÏ×Õ×ÁÎÎÑ ÚÁ Ó��ÎÁÍÉ ÌÁÎÏË ÏÔÒÉÍÁ¤ÍÏ ÆÏÒÍÕÌÕQ = Nz2� � � lnZ1 (0; 0)�Æ � h�H�Æ i: (15)÷ ÆÏÒÍÕÌ� (2.3) �ÏÈ�ÄÎ� ÂÅÒÕÔØÓÑ ×�Ä �ÁÒÁÍÅÔÒ�× ÅÆÅËÔÉ×ÎÏÇÏ ÇÁ-Í�ÌØÔÏÎ�ÁÎÕ (1.2). ÷ ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ ÄÌÑ ÍÏÄÅÌ� Ä×ÏÈ��ÄÇÒÁÔÏË ÏÔÒÉÍÁ¤ÍÏQ=N = 12 � z� � � lnZ1 (0; 0)�Æ ��z �D�Æ � 1� (q1 + q2)� z �I�Æ �1�2 � z �K�Æ q1q2� (16)úÁÄÁÀÞÉ ×�Ä�Ï×�ÄÎ� ÁÓÉÍ�ÔÏÔÉËÉ ×ÅÌÉÞÉÎ D; I; K × ÚÁÌÅÖÎÏÓÔ� ×�Ä�ÁÒÁÍÅÔÒÁ � ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ �Ï×ÅÄ�ÎËÕ Q. �ÁË, ÚÏËÒÅÍÁ × ÆÅÒÏ-ÍÁÇÎ�ÔÎ�Ê ÏÂÌÁÓÔ� ÄÌÑ ÁÓÉÍ�ÔÏÔÉËÉ ÓÔÁÔÓÕÍÉ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÆÏÒ-ÍÕÌÕ [2℄ Z1 (0; 0) � 2a2(1+�=2+�1)=a(n+1)(1+�+�1)� ×�Ä�Ï×�ÄÎÏ � lnZ1 (0; 0)�Æjt!0 = �n. �ÏÂÔÏ, ÍÉ ÏÔÒÉÍÕ¤ÍÏQ=N = 1 + zn=2; (17)ÝÏ, Ú×ÉÞÁÊÎÏ ×�Ä�Ï×�ÄÁ¤ ÓÔÁÎÕ �Ï×ÎÏ§ �ÏÌÑÒÉÚÁ��§ Ó��Î�× Ó�ÔËÉ [1℄.äÌÑ ÏÂÌÁÓÔ�, ÄÅ ×�ÄÓÕÔÎ�Ê ÆÅÒÏÍÁÇÎ�ÔÎÉÊ �ÏÒÑÄÏË ( �=z+�1 < �1)ÚÇ�ÄÎÏ ÆÏÒÍÕÌÉ (2.6) ÄÌÑ T ! 0 ×�ÄÍ�ÎÎÉÊ ×�Ä ÎÕÌÑ ×ÎÅÓÏË ÄÁ×ÁÔÉÍÅÌÉÛÅ �ÅÒÛÉÊ ÄÏÄÁÎÏË (ÏÓË�ÌØËÉ q1;2 = (0; 0) � �1;2 = (0; 0)). äÌÑZ1 (0; 0) × ÏÂÌÁÓÔ� �=2 + �1 < �1 ×�ÄÂÕ×Á¤ÔØÓÑ ÔÁËÏÖ ÚÍ�ÎÁ ÁÓÉÍ�-ÔÏÔÉËÉ, ÚÏËÒÅÍÁ � lnZ1 (0; 0)�Æjt!0 = � (n+ 2) =2. ÷ ÒÅÚÕÌØÔÁÔ� ÄÌÑ��¤§ ÏÂÌÁÓÔ� ÄÌÑ T ! 0 ÍÁÔÉÍÅÍÏQ=N = z (n+ 2) =4: (18)äÌÑ ÎÁÓÔÕ�ÎÏ§ ÏÂÌÁÓÔ� � + �1 < �1 ÍÁÔÉÍÅÍÏ, ÚÏËÒÅÍÁ,� lnZ1 (0; 0)�Æjt!0 = �n=2, Á ÔÏÍÕ ÄÌÑ T ! 0Q=N = zn=4: (19)
ICMP{00{11U 8îÁ ÒÉÓ. 7 � ÒÉÓ. 8 ÎÁ×ÅÄÅÎ� ÈÁÒÁËÔÅÒÎ� ÚÁÌÅÖÎÏÓÔ� ÄÌÑ Ë×ÁÄÒÕ�Ï-ÌØÎÏÇÏ ÍÏÍÅÎÔÕ Ó��ÎÏ×Ï§ Ó�ÔËÉ ÄÌÑ ÚÇÁÄÁÎÉÈ ÏÂÌÁÓÔÅÊ. ÷ÉÈÏÄÑÞÉ �ÚÆÏÒÍÕÌ (2.7) � (2.8) ×ÉÂÒÁÎÏ ×�Ä�Ï×�ÄÎ� ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ ÔÁË, ÝÏ�ÒÉ T ! 0 ×�Ä�Ï×�ÄÎÏ Q ! 1. èÁÒÁËÔÅÒÎ� ÎÅÍÏÎÏÔÏÎÎ� ÚÁÌÅÖÎÏÓÔ��Ï×'ÑÚÁÎ�, ÏÞÅ×ÉÄÎÏ, �Ú ÚÁÌÅÖÎ�ÓÔÀ D; K ×�Ä � � �1.÷ Ì�×�Ê ��×�ÌÏÝÉÎ� × ÏÂÌÁÓÔ� ×�ÄÓÕÔÎÏÓÔ� ÆÅÒÏÍÁÇÎ�ÔÎÏ§ ÆÁÚÉ ÍÁ-¤ÍÏ ÄÌÑ Z1 (0; 0) � 1 + 2naj�j, Á ÔÏÍÕ �Ú ÆÏÒÍÕÌÉ (2.4) ÏÔÒÉÍÕ¤ÍÏ,ÝÏ Ë×ÁÄÒÕ�ÏÌØÎÉÊ ÍÏÍÅÎÔ Ó�ÔËÉ ÄÌÑ T ! 0 ÄÏÒ�×ÎÀ¤Q = 0: (20)èÁÒÁËÔÅÒÎÁ ÔÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ Ó�Ô-ËÉ ÄÌÑ ��¤§ ÏÂÌÁÓÔ� ÎÁ×ÅÄÅÎÁ ÎÁ ÒÉÓ. 9. úÁÚÎÁÞÉÍÏ ÔÁËÏÖ, ÝÏ Â�Ë×ÁÄ-ÒÁÔÎÉÊ ÍÏÍÅÎÔ Q Ó��ÎÏ×Ï§ Ó�ÔËÉ × ÏÂÌÁÓÔ� ¶¶ (ÒÉÓ. 6) ×�ÄÍ�ÎÎÉÊ ×�ÄÎÕÌÑ � × ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ó��ÎÏ×ÉÍÉ ÌÁÎËÁ-ÍÉ.3. îÁÍÁÇÎ�ÞÅÎ�ÓÔØ × ÚÏ×Î�ÛÎØÏÍÕ �ÏÌ�÷�ÌØÎÕ ÅÎÅÒÇ�À Ó��ÎÏ×Ï§ Ó�ÔËÉ × ÚÏ×Î�ÛÎØÏÍÕ �ÏÌ� ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ×ÉÇÌÑÄ� �FN = f1 (0; 0) + �F (21)ÄÅ f1 (0; 0) = �z=2lnZ1 (0; 0),�F = ~I2�1�2 � ~K2 q1q2 � ~L4 (�1q2 + �2q1) (22)� 12 ln (br0 (x2; y2) � br0 (x2; y2)) ;Á ÔÁËÏÖ ××ÅÄÅÎ� ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:x1 = ~I�2 + �h� ~B � ~L=2q2; x2 = ~I�1 + �h� ~B � ~L=2q1;y1 = � ~Kq2 + �Æ � ~D � ~L=2�2; y2 = � ~Kq1 + �Æ � ~D � ~L=2�1;~I = z�jI j; ~D = z�D; ~K = z�K; ~B = z�B; ~L = z�L:÷�ÌØÎÁ ÅÎÅÒÇ�Ñ ÎÁ×ÅÄÅÎÁ ÄÌÑ ÍÏÄÅÌ� Ä×ÏÈ ��ÄÇÒÁÔÏË. ¶Ú ÕÍÏ×É ÓÔÁ-��ÏÎÁÒÎÏÓÔ� ÚÎÁÈÏÄÉÍÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ Ò�×ÎÏ×ÁÖÎÉÈ ÚÎÁÞÅÎØ�1; �2; q1; q2�1 = ~L2~I q1 + br1 (x1; y1)� ~L2~I br2 (x1; y1) ;



9 ðÒÅ�ÒÉÎÔ�2 = ~L2~I q2 + br1 (x2; y2)� ~L2~I br2 (x2; y2) ;q1 = � ~L2 ~K�1 + br2 (x1; y1) + ~L2 ~Kbr1 (x1; y1) ; (23)q2 = � ~L2 ~K�2 + br2 (x2; y2) + ~L2 ~Kbr1 (x2; y2) :îÁÍÁÇÎ�ÞÅÎ�ÓÔØ Ó�ÔËÉ ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ ÓÔÁÎÄÁÒÔÎÉÍ ÞÉÎÏÍ ÚÁ ÆÏÒ-ÍÕÌÏÀ M = 1� � lnZ�h : (24)÷ ÒÅÚÕÌØÔÁÔ� ��ÓÌÑ ÎÅÓËÌÁÄÎÉÈ ÏÂÞÉÓÌÅÎØ [1℄ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉMN = z2� � � lnZ1 (0; 0)�h +�m; (25)ÄÅ �m = ��z �B�h � 1� (�1 + �2)2 � z2 �D�h (q1 + q2)� z2 �I�h�1�2(26)� z2 �K�h q1q2 � z2 �L�h (q1�2 + q2�1)2 :ðÅÒÛÉÊ ÄÏÄÁÎÏË × (3.3) ×ÉÚÎÁÞÁ¤ ×ËÌÁÄ Ó��ÎÏ×ÉÈ ÌÁÎÏË × ÎÁÍÁÇ-Î�ÞÅÎ�ÓÔØ, ÄÒÕÇÉÊ - �Ï×'ÑÚÁÎÉÊ �Ú ×ÕÚÌÏ×ÏÀ ��ÄÓÉÓÔÅÍÏÀ.òÏÚÇÌÑÎÅÍÏ �Ï×ÅÄ�ÎËÕ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÚÏ×Î�Û-ÎØÏÇÏ �ÏÌÑ ÄÌÑ ÈÁÒÁËÔÅÒÎÉÈ ÏÂÌÁÓÔÅÊ ÎÁ×ÅÄÅÎÉÈ × ÒÏÚÄ�Ì� ¶¶. úÏËÒÅ-ÍÁ, ÄÌÑ ÆÅÒÏÍÁÇÎ�ÔÎÏ§ ÏÂÌÁÓÔ� ÍÁ¤ÍÏ ÔÉ�Ï×� ÚÁÌÅÖÎÏÓÔ�, ÑË� ÚÏÂÒÁ-ÖÅÎ� ÎÁ ÒÉÓ.10. îÉÖÞÅ ËÒÉÔÉÞÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ ËÒÉ×Á �ÏÞÉÎÁ¤ÔØÓÑ�Ú Ó�ÏÎÔÁÎÎÏÇÏ ÍÏÍÅÎÔÕ � ÄÏÓÑÇÁ¤ �Ï×ÎÏ§ �ÏÌÑÒÉÚÁ��§ Ú ��Ä×ÉÝÅÎÎÑÍÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ.íÁÇÎ�ÔÎÅ �ÏÌÅ ×�ÄËÌÁÄÅÎÅ × ÂÅÚÒÏÚÍ�ÒÎÉÈ ÏÄÉÎÉ�ÑÈ(h="), ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ ×�ÄÎÅÓÅÎÁ ÄÏ ÞÉÓÌÁ Ó��Î�× Ó�ÔËÉ M= (1 + zn=2).èÁÒÁËÔÅÒÎ� ÚÁÌÅÖÎÏÓÔ� �ÁÒÁÍÅÔÒ�× ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ � � q ÄÌÑ Ó��-ÎÏ×Ï§ Ó�ÔËÉ ×�Ä ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ ÎÁ×ÅÄÅÎ� ÎÁ ÒÉÓ. 11, 13 15. îÁ ÒÉÓ.11ÚÁÌÅÖÎ�ÓÔØ ÎÁ×ÅÄÅÎÁ ÄÌÑ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× (� = 0:5, �1 = �1:15), ÝÏ ×�Ä�Ï×�ÄÁ¤ ÓÅËÔÏÒÕ (�1 + �=z < �1, �1 + �=2 > �1). ÷ ÄÁ-ÎÏÍÕ ×É�ÁÄËÕ, ÑË ÚÁÚÎÁÞÁÌÏÓØ ×ÉÝÅ, ×�ÄÓÕÔÎ�Ê ÆÅÒÏÍÁÇÎ�ÔÎÉÊ ÓÔÁÎ,ÏÄÎÁË ÏÂÍ�ÎÎÁ ÅÆÅËÔÉ×ÎÁ ×ÚÁ¤ÍÏÄ�Ñ ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ [2℄. úÁÌÅÖÎÏÓ-Ô� �ÁÒÁÍÅÔÒ�× ×ÕÚÌÏ×ÉÈ ��ÄÇÒÁÔÏË � � q ÎÁ ÒÉÓ. 13 � 15 ×�Ä�Ï×�ÄÁÀÔØÎÁÂÏÒÁÍ �ÁÒÁÍÅÔÒ�×, ÝÏ ÒÏÚÇÌÑÄÁÌÉÓØ × ÒÏÚÄ�Ì� 2. ó�ÏÓÔÅÒÅÖÕ×ÁÎ�ÈÁÒÁËÔÅÒÎ� ÍÁËÓÉÍÕÍÉ × ÏÂÌÁÓÔ� ÎÉÚØËÉÈ �ÏÌ�× �Ï×'ÑÚÁÎ�, ÏÞÅ×ÉÄÎÏ,�Ú ÎÅÍÏÎÏÔÏÎÎÉÍÉ ÚÁÌÅÖÎÏÓÔÑÍÉ ÅÆÅËÔÉ×ÎÉÈ ÏÂÍ�ÎÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ×�Ä
ICMP{00{11U 10ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ. ïÂÌÁÓÔØ, ÄÅ �; q ! 1 ×�Ä�Ï×�ÄÁ¤ ÆÁËÔÉÞÎÏ ÓÉÓÔÅÍ�ÎÅÚ×'ÑÚÁÎÉÈ Ó��ÎÏ×ÉÈ ÌÁÎ�ÀÖË�×. äÌÑ ��¤§ ÏÂÌÁÓÔ� �ÏÌ�× �ÒÁËÔÉÞÎÏI; K = 0, Á B ! �1. îÁ ÒÉÓ.12, 14, 16 ÎÁ×ÅÄÅÎ� ×�Ä�Ï×�ÄÎ� ÚÁÌÅÖÎÏÓÔ�ÄÌÑ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�. äÌÑ ÚÎÁÞÅÎØ h ÄÅ �; q � 0 ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ ×ÉÚÎÁ-ÞÁ¤ÔØÓÑ , ÏÞÅ×ÉÄÎÏ, �ÅÒÛÉÍ ÄÏÄÁÎËÏÍ × (3.3), ÔÏÂÔÏ ÏÄÎÏ×ÉÍ�ÒÎÉÍÉÓ��ÎÏ×ÉÍÉ ÌÁÎËÁÍÉ, Ú ÑËÉÍÉ ×ÌÁÓÎÅ �Ï×'ÑÚÁÎ� ÈÁÒÁËÔÅÒÎ� �ÅÒÅÇÉÎÉÎÁ ËÒÉ×�Ê ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�.4. ÷ÉÓÎÏ×ËÉ÷ ÄÁÎ�Ê ÒÏÂÏÔ� Ú'ÑÓÏ×Õ×ÁÌÉÓØ ÈÁÒÁËÔÅÒÎ� ÒÉÓÉ �Ï×ÅÄ�ÎËÉ ÕÚÁÇÁÌØÎÅ-ÎÏ§ ÍÏÄÅÌ� ¶ÚÉÎÇÁ ÎÁ ÓÔÒÕËÔÕÒ� Ó��ÎÏ×Ï§ Ó�ÔËÉ. ðÏËÁÚÁÎÏ, ÝÏ ÏÂÌÁÓ-Ô� ÆÅÒÏÍÁÇÎ�ÔÎÏ§ ÆÁÚÉ ÄÌÑ ÄÏÄÁÔÎÏ§ ÁÎ�ÚÏÔÒÏ��§ (Æ > 0 × (1.1)) ÄÌÑÇÒÁÔËÉ � Ó�ÔËÉ Ó��×�ÁÄÁÀÔØ, Á ÄÌÑ Æ < 0 - ÆÅÒÏÍÁÇÎ�ÔÎÁ ÏÂÌÁÓÔØ ÄÌÑÓ��ÎÏ×Ï§ Ó�ÔËÉ Ú×ÕÖÅÎÁ, ÝÏ ×ÉËÌÉËÁÎÅ ×�ÌÉ×ÏÍ ×�Ä'¤ÍÎÏ§ ÁÎ�ÚÏÔÒÏ-��§ ÎÁ ÅÆÅËÔÉ×ÎÕ ×ÚÁ¤ÍÏÄ�À Í�Ö ×ÕÚÌÏ×ÉÍÉ Ó��ÎÁÍÉ Ó�ÔËÉ. îÁÓÔÕ�ÎÁ×�ÄÍ�ÎÎ�ÓÔØ �ÏÌÑÇÁ¤ × ÔÏÍÕ, ÝÏ Õ ×É�ÁÄËÕ Ó��ÎÏ×Ï§ Ó�ÔËÉ ×�ÄÓÕÔÎ�ÊÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä Õ Ë×ÁÄÒÕ�ÏÌØÎÕ ÆÁÚÕ, ÑËÉÊ ÍÁ¤ Í�Ó�Å ÄÌÑ ÇÒÁÔ-ËÉ. ñË ×É�ÌÉ×Á¤ Ú ÎÁ×ÅÄÅÎÏÇÏ, �Å ¤ ÎÁÓÌ�ÄËÏÍ ÂÁÇÁÔÏ�ÁÒÁÍÅÔÒÉÞÎÏÓ-Ô� ×ÉÈ�ÄÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ. çÁÍ�ÌØÔÏÎ�ÁÎ ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ Ó�ÔËÉ×ÉÚÎÁÞÁ¤ÔØÓÑ ÅÆÅËÔÉ×ÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ, ÝÏ ¤ ÓËÌÁÄÎÉÍÉ ÆÕÎË��ÑÍÉ�ÁÒÁÍÅÔÒ�× Í�ËÒÏÓËÏ��ÞÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ. ÷ ÒÅÚÕÌØÔÁÔ� ÅÆÅËÔÉ×ÎÉÊÇÁÍ�ÌØÔÏÎ�ÁÎ ÎÅ ÎÁÌÅÖÁÔØ Ô�Ê ÞÁÓÔÉÎ� ��Ä�ÒÏÓÔÏÒÕ, ÄÅ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØ-ÓÑ ÚÇÁÄÁÎÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä.ì�ÔÅÒÁÔÕÒÁ1. . ÷. í. ãÍÏ�Ø, ÷. ó. ñÎ�ÛÅ×ÓØËÉÊ, ñ. ì. úÁÑ�Ø. îÁÍÁÇÎ�ÞÅÎ�ÓÔØÓ��ÎÏ×Ï§ Ó�ÔËÉ × ÍÏÄÅÌ� ¶ÚÉÎÇÁ. õæö.-1996.-41, ° 7-8,-ó.727-736.2. ÷. ó. ñÎ�ÛÅ×ÓØËÉÊ. õÚÁÇÁÌØÎÅÎÁ ÍÏÄÅÌØ ¶ÚÉÎÇÁ S=1 ÎÁ Ó��ÎÏ×�ÊÓ�Ô��. //õæö.-1997. - 42, ° 5, Ó. 595-602.3. ÷. ó. ñÎ�ÛÅ×ÓØËÉÊ. �ÅÒÍÏÄÉÎÁÍ�ËÁ ÍÏÄÅÌ� ¶ÚÉÎÇÁ S=1 ÎÁ Ó��ÎÏ-×�Ê Ó�Ô��. // õæö.-1999, Ô. 44, °4 Ó.521-528.4. ëÏÓÅ×ÉÞ á. í., ûËÌÏ×ÓØËÉÊ ÷. á. äÉÓÌÏËÁ�ÉÏÎÎÁÑ ÍÏÄÅÌØ ÆÅÒ-ÒÏÍÁÇÎÅÔÉÚÍÁ × ÎÅÍÁÇÎÉÔÎÙÈ ËÒÉÓÔÁÌÌÁÈ. // öü�æ.-1968.-55,×.3(9).- Ó.1131{1141.5. í. æÉÛÅÒ //ðÒÉÒÏÄÁ ËÒÉÔÉÞÅÓËÏÇÏ ÓÏÓÔÏÑÎÉÑ. í.:"íÉÒ",6. úÁÍËÏ×Á î. ç., úÉÎÅÎËÏ ÷. í. �ÅÒÍÏÄÉÎÁÍÉËÁ Ó×ÅÒÈÏÂÍÅÎÎÏÊÍÏÄÅÌÉ íÉ�ÕÉ. // �íæ. - 1989.-79, °2.- Ó.272-281.7. L. L. Gon
alves. Randomly de
orated Ising model // Int. J. Mod.Phys. B. -1991.- V.5, ° 4,- P.675-683.



11 ðÒÅ�ÒÉÎÔ8. M. A. Costa, L. L. Gon
alves. Randomly de
orated Ising model onthe square latti
e. J. Magn. Magn. Mat. -1995.-140-144, - P. 2193-2194.9. ÷. ó. ñÎ�ÛÅ×ÓØËÉÊ. îÁÍÁÇÎ�ÞÅÎ�ÓÔØ Ó��ÎÏ×Ï§ Ó�ÔËÉ × ÍÏÄÅÌ� ¶ÚÉÎ-ÇÁ. çÁÕÓÏ×Å ÎÁÂÌÉÖÅÎÎÑ.// öÕÒÎ. Æ�Ú. ÄÏÓÌ. -1999. -10. Chen H. U., Levy P. M. Dipole and Quadrupole Phase Transitionsin Spin-1 Models. //Phys. Rev. B.- 1974.- 7, °9.- Ò.4267-4284.11. Chakraborty K. G. E�e
tive-�eld model for a spin-1 Ising systemwith dipolar and quadrupolar intera
tions. //Phys. Rev. B.- 1984.Vol. 29, ° 3, - Ò. 1454-1457.12. S. I. Sorokov, R. R. Levitskii, O. R. Baran. Two-parti
le 
luster ap-proximation for Ising type model with arbitrary value of spin. Cor-relation fun
tions of Blume-Emeri-GriÆths model. // Cond. Matt.Phys., 1997, ° 9,.57-87.13. Takahashi K., Tanaka M. Spin-one Ising model with bilinear andbiquadrati
 intera
tions. II. Phase diagram. // J. Phys. So
. Japan,1980, vol. 48, ° 5, p. 1423 - 1428.
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òÉÓ. 2. ¶ÌÀÓÔÒÁ��Ñ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ¶¶{ÒÏÄÕ × Ë×ÁÄÒÕ�ÏÌØÎÕ ÆÁÚÕÄÌÑ ÇÒÁÔËÉ.
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                                      tòÉÓ. 3. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÄÌÑ Ë×ÁÄÒÕ�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ��Ä-ÒÅÛ�ÔÏË � �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ (� = q2 � q1).
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                                          tòÉÓ. 4. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� Ë×ÁÄÒÕ�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ��ÄÇÒÁÔÏËÄÌÑ � < 0.
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òÉÓ. 5. òÏÚÂÉÔÔÑ �ÌÏÝÉÎÉ �ÁÒÁÍÅÔÒ�× (�, �1) ÎÁ ÏÂÌÁÓÔ� ÄÌÑ ×ÉÚÎÁ-ÞÅÎÎÑ �Ï×ÅÄ�ÎËÉ ÅÆÅËÔÉ×ÎÏ§ ÏÂÍ�ÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ I. (îÁ ÒÉÓÕÎËÕ �ÒÏ-ÎÕÍÅÒÏ×ÁÎ� ÎÁÓÔÕ�Î� �ÒÑÍ�: 1 | �1 +�=2 = 0; 2 | �1 +�=2 = �1;3 | �1 +� = �1; 4 | �1 +�= (1 + 1=n) = 0).

ICMP{00{11U 14
-6 -4 -2 2 4 6

-2

-1

1

2

3

4

2 3

5

1

II

I

∆1

∆

òÉÓ. 6. æÁÚÏ×Á Ä�ÁÇÒÁÍÁ Ó�ÔËÉ ÄÌÑ T = 0 × �ÌÏÝÉÎ� �ÁÒÁÍÅÔÒ�× (�,�1); ¶ | ÆÅÒÏÍÁÇÎ�ÔÎÁ ÆÁÚÁ; (ðÏÚÎÁÞÅÎÎÑ �ÒÑÍÉÈ 1{4 ÎÁ×ÅÄÅÎ� ÎÁÒÉÓ. 5, Á �ÒÑÍÁ 5 | �1 +�=z = �1, ÄÅ z = 6).
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                                          tòÉÓ. 7. ë×ÁÄÒÕ�ÏÌØÎ� ÍÏÍÅÎÔÉ ��ÄÇÒÁÔÏË q (ËÒÉ×� 1, 2) � Ë×ÁÄÒÕ-�ÏÌØÎ� ÍÏÍÅÎÔÉ Ó�ÔËÉ Q (ËÒÉ×� 1', 2') ÄÌÑ n = 1; 10 ×�Ä�Ï×�ÄÎÏ;(� = 0:5; �1 = �1:35).
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òÉÓ. 8. ë×ÁÄÒÕ�ÏÌØÎ� ÍÏÍÅÎÔÉ ��ÄÇÒÁÔÏË q (ËÒÉ×� 1, 2) � Ë×ÁÄÒÕ-�ÏÌØÎ� ÍÏÍÅÎÔÉ Ó�ÔËÉ Q (ËÒÉ×� 1', 2') ÄÌÑ n = 1; 10 ×�Ä�Ï×�ÄÎÏ;(� = 0:5; �1 = �1:9).
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òÉÓ. 9. ë×ÁÄÒÕ�ÏÌØÎ� ÍÏÍÅÎÔÉ ��ÄÇÒÁÔÏË q (ËÒÉ×� 1, 2) � Ë×ÁÄÒÕ-�ÏÌØÎ� ÍÏÍÅÎÔÉ Ó�ÔËÉ Q (ËÒÉ×� 1', 2') ÄÌÑ n = 1; 10 ×�Ä�Ï×�ÄÎÏ;(� = �0:5; �1 = �1).
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òÉÓ. 10. îÁÍÁÇÎ�ÞÅÎ�ÓÔØ Ó��ÎÏ×Ï§ Ó�ÔËÉ m × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÚÏ×Î�Û-ÎØÏÇÏ �ÏÌÑ ÄÌÑ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÎÉÖÞÅ � ×ÉÝÅ ËÒÉÔÉÞÎÏ§; (n = 5,� = 0:5; �1 = 0:5).
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òÉÓ. 11. úÁÌÅÖÎ�ÓÔØ �ÁÒÁÍÅÔÒ�× ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ �; q ×�Ä ÚÏ×Î�Û-ÎØÏÇÏ �ÏÌÑ h ÄÌÑ Ó�ÔÏË �Ú n = 1; 5; 10 ÄÌÑ t = 0:015 � �ÁÒÁÍÅÔÒ�×ÇÁÍ�ÌØÔÏÎ�ÁÎÕ � = 0:5; �1 = �1:15.
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òÉÓ. 12. úÁÌÅÖÎ�ÓÔØ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� Ó��ÎÏ×Ï§ Ó�ÔËÉ ×�Ä ÚÏ×Î�ÛÎØÏÇÏ�ÏÌÑ h ÄÌÑ Ó�ÔÏË �Ú n = 1; 5; 10 ÄÌÑ t = 0:015 � �ÁÒÁÍÅÔÒ�× ÇÁÍ�ÌØÔÏ-Î�ÁÎÕ � = 0:5; �1 = �1:15.
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òÉÓ. 13. úÁÌÅÖÎ�ÓÔØ �ÁÒÁÍÅÔÒ�× ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ �; q ×�Ä ÚÏ×Î�Û-ÎØÏÇÏ �ÏÌÑ h ÄÌÑ Ó�ÔÏË �Ú n = 1; 5; 10 ÄÌÑ t = 0:02 � �ÁÒÁÍÅÔÒ�×ÇÁÍ�ÌØÔÏÎ�ÁÎÕ � = 0:5; �1 = �1:35.
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òÉÓ. 14. úÁÌÅÖÎ�ÓÔØ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� Ó��ÎÏ×Ï§ Ó�ÔËÉ ×�Ä ÚÏ×Î�ÛÎØÏÇÏ�ÏÌÑ h ÄÌÑ Ó�ÔÏË �Ú n = 1; 5; 10 ÄÌÑ t = 0:02 � �ÁÒÁÍÅÔÒ�× ÇÁÍ�ÌØÔÏ-Î�ÁÎÕ � = 0:5; �1 = �1:35.
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òÉÓ. 15. úÁÌÅÖÎ�ÓÔØ �ÁÒÁÍÅÔÒ�× ×ÕÚÌÏ×Ï§ ��ÄÓÉÓÔÅÍÉ �; q ×�Ä ÚÏ×Î�Û-ÎØÏÇÏ �ÏÌÑ h ÄÌÑ Ó�ÔÏË �Ú n = 1; 5; 10 ÄÌÑ t = 0:02 � �ÁÒÁÍÅÔÒ�×ÇÁÍ�ÌØÔÏÎ�ÁÎÕ � = 0:5; �1 = �1:9.
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òÉÓ. 16. úÁÌÅÖÎ�ÓÔØ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� Ó��ÎÏ×Ï§ Ó�ÔËÉ ×�Ä ÚÏ×Î�ÛÎØÏÇÏ�ÏÌÑ h ÄÌÑ Ó�ÔÏË �Ú n = 1; 5; 10 ÄÌÑ t = 0:02 � �ÁÒÁÍÅÔÒ�× ÇÁÍ�ÌØÔÏ-Î�ÁÎÕ � = 0:5; �1 = �1:9.
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